In this study, 23 Salmonella isolates were detected by polymerase chain reaction (PCR) from human fecal samples obtained during 2010 from local hospitals and clinical laboratories in Kingdom of Saudi Arabia (KSA). The bacteria were cultured, serotyped and biochemically characterized by the analytical profiling index (API 20E). The invA and hilA gene primers were selected specifically for the detection of Salmonella to amplify a 284 and 845 bp DNA fragments, respectively. Only 3 isolates out of 23 were not identified or typed neither by API 20E nor serological tests. One of these isolates (S5) had 98% sequence similarity with the invA gene sequences of Salmonella typhimurium strain LT2, 14028S and SL1344. The results showed that invA or hilA PCRs specificity was 66.6% compared to API 20E and serology for Salmonella enterica identification in clinical specimens. The PCR assays compared to both biochemical and serological tests were able to specifically detect all of 23 Salmonella isolates (100% sensitivity).
INTRODUCTION
Salmonella food poisoning is one of the most common and widely distributed diseases in the world (WHO, 2005) , estimated to cause 1.3 billion cases of gastroenteritis and 3 million deaths worldwide (Bhunia, 2008) . Salmonella is a gram-negative facultative rod-shaped bacterium in the same proteobacterial family as Escherichia coli, the family Enterobacteriaceae, trivially known as "enteric" bacteria (Parry, 2006; Bhunia, 2008) . The number of Salmonella serotypes reported by 2002 was 2541 (CDC, 2010) . In Saudi Arabia, serovar typhimurium and enteritidis were the most frequently isolated serovars from humans and animals (Boyen et al., 2008; Abdullahi, 2010) . Salmonella is associated mainly with raw meats, poultry and dairy products (Swartz, 2002) .
classifications.
Genetic identification systems may improve Salmonella identification (Hoorfar and Radstro, 2000; Vaneechoutte and Van Eldere, 1997) . Several polymerase chain reaction (PCR) assays have been developed by targeting various Salmonella genes, such as invA (Rahn et al., 1992; Moussa et al., 2010) , 16S rRNA (Iida et al., 1993) , agfA (Doran et al., 1993) , viaB (Hashimoto et al., 1995) , hilA, sirA (Guo et al., 1999; Pathmanathan et al., 2003) , ttr (Malorny et al., 2003) and virulence-associated plasmids (Mahon and Lax, 1993; Rexach et al., 1994) . The invA gene in particular is widely used as a target in PCR assays for Salmonella detection (Hara-Kudo et al., 2005; Singer et al., 2006; Moussa et al., 2010; Shanmugasamy et al., 2011) .
Sequencing of Salmonella genes has generally been restricted to comparing sequences of housekeeping genes between the major groups of Salmonella or serovars of S. enterica subsp. enterica, including serovars typhimurium and enteritidis. Sequence variation can be demonstrated for geographically and epidemiologically unrelated isolates (Wang et al., 2002; Kotetishvili et al., 2002) . In recent years, Salmonella typhimurium and Salmonella enteritidis has emerged as a major serovars in the world (Rodrigues et al., 1990; WHO, 2005) . Because of the increasing role of S. enterica serovar typhimurium and enteritidis in Salmonella infections in Saudi Arabia (Panhotra et al., 2004; Halawani and Shohayeb, 2008; Moussa et al., 2010) , establishment of molecular typing data for this Salmonella serovars is important.
In the present study, the biochemical, serological and molecular techniques were employed to detect and characterize Salmonella in clinical isolates obtained from the western region of Saudi Arabia. PCR was performed in order to amplify the nucleotide sequence of invA and hilA genes among Salmonella isolates to understand the genetic links between those isolates which spread in this area.
MATERIALS AND METHODS

Bacterial samples
Twenty-three (23) Salmonella species isolated from human fecal specimens were collected from local general hospitals and private clinical laboratories in Taif region, Kingdum of Saudi Arabia (KSA). Salmonella isolates were examined biochemically using API 20E strip (bioMe´rieux®, Inc., France), serologically by using Salmonella O and H antisera (Remel Europe Ltd., UK), and molecularly by PCR using invA and hilA genes.
Isolation and Identification of Salmonella spp. from stool samples
Twenty-three (23) Salmonella spp. were isolated from human stool samples according to Ruiz et al. (1992) . A 0.5 ml of stool suspension in saline solution was inoculated into pre-enrichment Broth (Selenite F) for 16 to 18 h to allow the multiplication of Ohud et al. 5411 bacteria and/or swabs of saline stool suspension directly cultured onto xylose-lysine-deoxycholate (XLD) agar and then incubated aerobically at 37°C for 24 h. Typical Salmonella colonies were subjected to a series of biochemical, serological and molecular tests for identification of Salmonella spp.
Biochemical characterization
Biochemical identification was carried out using API 20E strip kit (bioMe´rieux®, Inc., France). The reagents used included API NaCl 0.85% medium, API 20 E reagent kit, Zn reagent, oxidase, mineral oil, and API 20E Analytical Profile Index. To prepare the strips, an incubation box (tray and lid) was used and 5 ml of distilled water were distributed into the honey-combed wells of the tray to create humid atmosphere. To prepare the inoculums, single well isolated colony was removed from an isolation plate and emulsified in 5 ml of AI 0.85% NaCl in order to achieve a homogeneous bacterial suspension. Anaerobiosis in the tests arginine dihydrolase (ADH), lysine decarboxylase (LDC), ornithine decarboxylase (ODC), H2S and URE was maintained by overlaying with mineral oil. The incubation box was closed and incubated at 36±2°C for 18 to 24 h as described by the manufacturer, and the results were determined according API 20E.
Serological typing
Depending on the biochemical reactions, suggestive isolates were subjected to serological identification for Salmonella serovars using polyvalent O (ZC17 and ZC13) and H antisera (ZD19). The slide agglutination technique was applied according to Edward and Ewing (2003) . Two separate drops (40 µl) of 0.85% saline was placed on a glass slide. Portions of the culture under test were emulsified with a loop in each drop of 0.85% saline to obtain a smooth dense suspension. One drop (40 µl) undiluted antiserum was added to one suspension and one drop of 0.85% saline was added to the other suspension as control. The slide was gently rocked for 1 min and the agglutination was observed using indirect lighting over a dark background.
Preparation of genomic DNA
Genomic DNA was extracted from cell suspensions of bacteria grown overnight on XLD broth at 37°C using QIAamp® DNA Mini kit from Qiagen according to Lee et al. (2009) . A single colony from Salmonella was resuspended in 3 ml XLD liquid media and grown overnight at 37°C. The bacterial culture was precipitated by centrifugation in a microcentrifuge at 5000 xg for 10 min. The bacterial pellets were resuspended in 180 µl AL buffer (supplied in the QIAamp DNA Mini Kit) for complete lysis. The samples were immediately cooled on ice for 5 min, and the cell lysates were digested with 20 µl of proteinase K (final concentration 800 µg/ml) at 56°C for 3 h. 200 µl ethanol (96 to 100%) was added to each tube and vortexed for 15 s. The mixtures were loaded onto the QIAamp Mini spin column and centrifuged at 6000 xg for 1 min. The filtrate was discarded and the spin column was placed in a clean collection tube (2 ml). A 500 µl of AW1 wash buffer was added to the QIAamp spin column and centrifuged at 6000 xg for 1 min. The washing step was repeated twice using 500 µl of washing buffer AW2. To elute bacterial DNA, 100 µl elution buffer (AE) was added to the center of the column, and the column was incubated at 37°C for 5 min then centrifuged at 20,000 xg for 1 min. DNA purity and quantity was determined using spectrophotometer (GeneSys 10UV, Thermo Scientific, USA).
Oligonucleotide primers
Oligonucleotide primers selected for the detection of Salmonella spp. was based on invA gene sequence 3' according to Oliveira et al. (2003) and Moussa et al. (2010) and the hyperinvasive locus A (hilA) gene sequences according to Akbarmehr (2010) . The invA gene located on the Salmonella pathogenicity Island 1 which is highly conserved in Salmonella species and encodes a type III secretion system that exports proteins in response to bacterial contact with epithelial cells of the intestine (Rahn et al., 1992; Soto et al., 2006; Smith et al., 2010; Moussa et al., 2010) (QIAGEN, GmbH, Hilden, Germany). Twenty-three (23) independent reactions were made for each DNA template. Amplifications were carried out in a Thermal cycler (PXE 0.5 Thermo Electron Corporation, USA) using conditions modified from Doran et al. (1996) . Initial denaturation was at 94°C for 5 min, followed by 35 cycles of denaturation at 94°C for 1 min, annealing at 51°C for 1 min and extension at 72°C for 2 min, with a final extension at 72°C for 7 min. Amplification products were separated by electrophoreses on 1.2% agarose gel (Ambion) containing 5 µg/ml ethidium bromide with a 100-bp ladder (GelPilot® DNA Molecular Weight Marker) from QIAGEN, GmbH, Germany.
Agarose gel electrophoresis
The amplified PCR products were tested for positive amplification by agarose gel electrophoresis as reported by Sambrook et al. (1989) . After adequate migration has occurred, DNA fragments were visualized on an ultraviolet transilluminator, Biometra, Germany.
RESULTS
Biochemical and serological examination
In this study, S. enterica was cultured and confirmed from 23 stool samples. The stool samples were collected in 2009 and 2010 from four hospitals (Pediatric Hospital; Al Edwani Hospital; King Faisal Hospital, and Regional Laboratory in Jeddah). The samples were examined using pre-enrichment broth (Selenite F) and selective enrichment XLD to culture presumptive Salmonella. Preliminary identification based on colony appearance on XLD selective agar media was confirmed using classical biochemical and serological testing. The data shows that Salmonella spp. was identified with a percentage of identification (%id) ranging from 77.8 to 99.9%. Only 20 samples were serologically confirmed by using polyvalent antisera for flagellar (H) and somatic (O) antigens and the other 3 samples could not be identified neither using API 20 E nor antisera as shown in Table 1 .
Detection of Salmonella isolates by PCR
The specificity of the oligonucleotid primers were carried out by testing of all Salmonella strains in addition to the negative control with PCR using the primer pairs targeting the invA and hilA genes (specific for all members of Salmonella species). All Salmonella serovars were positive for amplification of 284 and 845 bp fragments of invA and hilA genes as shown in Figures 1 and 2 . All the 23 samples with bacteriological examination as well as the negative control were tested by PCR using the same primer pair after selective enrichment on XLD broth. All bacteriologically positive samples were positive by PCR and amplification of 284 and 845 bp fragments specific for invA and hilA genes were observed. However, 3 samples, S5, S9 and S10 could not be identified by antisera. Samples S9, S10 and S11 could not be classified using API 20E. The S5 sample was positive by the invA and hilA specific primers and confirmed by DNA sequence under the accession number (JN982041). The 2 isolates S9 and S10 were atypical using the hilA specific primers as shown in Figure 2 . The negative controls were negative for the PCR assay and no amplification could be detected with the primer pair. The concordance between API 20E, serotyping and PCR are shown in Table 1 . Guo et al. (1999) , Ferretti et al. (2001) and Schneider et al. (2002) tried to establish an identification method to reduce the time of Salmonella identification from various samples. In an international research project for the validation and standardization of PCR for the detection of five major food borne pathogens including Salmonella, the most selective primer set was found to be 139 to 141, which targets the invA gene and DS/US, which targets the hilA gene. Amplification of invA and/or hilA genes now has been recognized as an international standard for detection of Salmonella genus (Malorny et al., 2003) . InvA gene encodes a protein in the inner membrane of bacteria which is responsible for invasion to the epithelial cells of the host (Darwin and Miller, 1999, Jennifer et al., 2003) . The hilA gene encodes an OmpR/ToxR family transcriptional regulator that activates the expression of invasion genes in response to both environmental and genetic regulatory factors. Salmonella specific PCR with primers for invA and/or hilA is rapid, sensitive and specific for detection of Salmonella in many clinical samples (Lampel et al., 2000; Jennifer et al., 2003; Sánchez-Jiménez et al., 2011) . The present study supports the ability of these specific primer sets to confirm the isolates as Salmonella. In the present study, we used 139/141 and DS/US primers for specific detection of Salmonella at the genus level. A total of 23 Salmonella isolates were studied by conventional culturing, biochemical, serological and confirmed by PCR. 21 isolates were subjected to Salmonella specific gene (invA and hilA) and were confirmed as Salmonella positive by the predicted product of 284 and 845 bp DNA fragments. The results obtained in the present study were in accordance with Sánchez-Jiménez and Cardona-Castro (2004) and Nagappa et al. (2007) . The ability of Salmonella specific primers to detect Salmonella species rapidly and accurately in the present study is primarily due to the primer sequences that are selected from the gene invA and hilA of S. typhimurium as reported by Darwin and Miller (1999) , Nucera et al. (2006) and Craciunas et al. (2010) .
DISCUSSION
Test and results
Number of isolates tested
Culture techniques are universally recognized as the standard methods for the detection of bacterial pathogens, such as Salmonella in food stuffs (White et al., 2002) . These techniques generally take longer time (Malorny et al., 2003) and are less sensitive compared to PCR based methods (Oliveira et al., 2002; Nucera et al., 2006; Craciunas et al., 2010) . The use of invA or hilA gene specific PCR method in most diagnostic and research laboratories is possible and through the molecular basis of Salmonella identification techniques, this method is the simplest and less expensive.
There were 20 isolates positive at the API 20E and serotyping; 20 were also positive by invA and hilA PCR. The sensitivity of invA and hilA PCR was 100% compared to that of API 20E and serotyping. There was less than perfect agreement between API 20E, antisera and invA or hilA PCR (0.869). Two isolates (S9 and S10) could not be classified as Salmonella spp. by API 20E and could not be typed by antisera and atypical pattern with invA and/or hilA PCR. One isolate (S5) which was negative by antisera and gave positive band with invA and/or hilA and showed 98% sequence similarity with the invA gene sequences of S. typhimurium strain LT2, 14028S and SL1344. This S5 sequence was submitted to NCBI and donated the accessions JN982041. The isolate (S11) was positive by invA and/or hilA PCR and could not be classified by API 20E as Salmonella at the low identification level (78.6%).
Both API 20E and antisera compared to invA and/or hilA PCR indicate that PCR test can provide accurate diagnosis (100% sensitivity) for isolates obtained through culture on selective media for S. enterica. Previous studies also have accepted only high API 20E identification levels as accurate (>90% correct) in the classification of suspected Salmonella isolates (Kelly and Latimer, 1980; Bruckner et al., 1982) . The reliability of the results presented was enhanced by complete agreement between the two invA primers sets used as well as with the the hilA PCR. These findings affirm previous studies finding invA or hilA PCR to be a reliable, accurate tool in the detection of S. enterica (Singer et al., 2006; Moussa et al., 2010; Shanmugasamy et al., 2011) . With 13% of isolates serotyped as "untypeable" this suggests a limitation in the precision of Salmonella serology. InvA or hilA PCR have the advantages of obtaining results within hours of isolation of Salmonella suspects on selective media and may even be used to detect Salmonella in enrichment broth. The interpretation of results is straightforward, avoiding problems of subjective evaluation of API 20E biochemical reactions. However, invA or hilA PCR is able to identify only S. enterica and not other Enterobacteriaceae as does API 20E; thus, limiting its identification to one specific pathogen.
In summary, both invA or hilA PCR and API 20E were demonstrated to be accurate methods for S. enterica identification.
